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ABSTRACT 

The in t eg ra t ed  absorpt ion has been measured f o r  s eve ra l  

s t rong  bands of e thylene,  ethane, tetraf luoromethane (carbon 

t e t r a f l u o r i d e ) ,  and s u l f u r  dioxide i n  t h e  6 t o  8 u  s p e c t r a l  

region. The bands were pressure-broadened wi th  helium; t h e  

absorpt ion was determined from the  s lopes  of Beer's Law p l o t s  

of observed absorpt ion vs  o p t i c a l  dens i ty  e 

i n  t h i s  study are compared where poss ib l e  wi th  previous measure- 

ments. 

The values  obtained 
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,MDIATIVE ENERGY TRANSFER ON ENTRY 
INTO MARS AND VENUS 

I. IMTRODUCTION 

The measurements of i n t eg ra t ed  absorpt ion va lues  fa r  

four  i n f r a r e d  bands of several gases a r e  presented i n  t h i s  r e p o r t .  

These  include (1) the  CZH4 v 12 band, (2) t h e  C2B6(V 6 + 'Js) 
combination band, (3)  t he  CF4(V 

( 4 )  t h e  S O 2  'J 

were determined from measurements of the  i n f r a r e d  s p e c t r a l  

transmission by i n t e g r a t i n g  over t he  region of measureable 

absorpt ion.  The absorber p a r t i a l  p ressure  and t o t a l  gas pressure 

were chosen t o  avoid s a t u r a t i o n  e f f e c t s  and t o  provide s u f f i c i e n t  

r o t a t i o n a l  l i n e  broadening t h a t  t h e  e n t i r e  band s t r eng th  can be 

measured. Both of these  f a c t o r s  were determined experimentally.  

+ v $  combination band, and 

band. The values  of t h e  in t eg ra t ed  absorpt ion 

The apparent i n t eg ra t ed  absorpt ion was then determined f o r  several 

o p t i c a l  d e n s i t i e s ,  and the  data  f i t  t o  a Beer's Law p l o t .  

b e s t  values  of i n t eg ra t ed  absorpt ion were obtained from the  

s lopes  of these  p l o t s  using a l e a s t  squares method, 

The 

The spectrophotometer system used f o r  these  measurements 

An a c  i n f r a r e d  source i s  provided wqs previously described. (I) 

by chopping the  r a d i a t i o n  from e i t h e r  a globar o r  blackbody 

cav i ty .  The r a d i a t i o n  i s  passed through an absorpt ion c e l l  and 
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t o  a monochromator, The output  from the  de t ec to r  i s  converted 

t o  a dc s i g n a l  wi th  a phase lock ampl i f i e r  coupled t o  t h e  

chopping frequency, and t h i s  s i g n a l  i s  displayed on a c h a r t  

recorder .  

The b e s t  values  for i n t eg ra t ed  absorpt ion these  four  

bands a re :  

C2H4 1 2  

C2H6(' 6 +' 2 
CF4(' 1 + V4) 

so2 v-, J 

76 atrn-l cmW2 

27 a tm" '  cmm2 

578 a t m - '  cm'2 

These r e s u l t s  are compared t;o previous measurements where. 

poss ib le .  
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II;. OBSERVATIONS 

The experimental  arrangement f o r  t h e  absorpt ion measuue- 

ments c o n s i s t s  of an i n f r a r e d  source,  absorpt ion ce l l ,  mono- 

chromator, de t ec to r ,  and recording system (Fig.  1). The 

measurements presented here  were made with an absorpt ion c e l l  of 

two c m  path length.  A Perkin-Elmer Model 83 i n f r a r e d  mono- 

chromator wi th  a NaCl p r i s m  was used. 

ni t rogen cooled photoconductive Ge:Au ce l l ,  biased f o r  optimum 

The de tec to r  w a s  a l i q u i d  

d e t e c t i v i t y .  The output  s i g n a l  from t h i s  ce l l  i s  amplif ied and 

f ed  i n t o  a lock-in ampl i f ie r .  This ampl i f i e r  i s  e s s e n t i a l l y  a 

narrow band-pass f i l t e r  whose center  frequency i s  ad jus t ab le  t o  

t h a t  of t h e  chopper. A re ference  s i g n a l  i s  furnished t o  the  

ampl i f ie r  by a lamp and photodiode arrangement which monitors 

t he  chopping frequency. The ampl i f ie r  locks-in on t h i s  frequency 

and provides a dc s i g n a l  t h a t  can be reproduced on a c h a r t  

recorder .  

Absorption measurements were made on i n f r a r e d  bands of 

fou r  molecules i n  the  s p e c t r a l  region from s i x  t o  e i g h t  microns. 

These inc lude  (1) C2H4 v l2 band a t  1444 cm"' (6.93 

C2Hg(V 6 + V 81combination band a t  1450 cm"' (6.73 1J. ), (3) t he  

CF4 ( v  

(4) t he  SO2 v band a t  1361 c m - l  (7.35 ) e Absorption measure- 

ments were made over a range of o p t i c a l  pa ths  up t o  10 atm-em 

a t  t he  wavelengths of s t ronges t  absorpt ion t o  determine the  

o p t i c a l  paths  required t o  avoid sa tu ra t ion .  

), (2)  t he  

+ v 4) combination band a t  1535 emP1 ( 6 . 5 1 ~  ), and 
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Fig. 1 Schematic/Flow Diagram for Absorption Cell Measurements 
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The band absorpt ion w a s  measured over a range of t o t a l  

gas pressures  from 0.5 a t m  t o  14.6 a t m  (200 ps ig )  t o  select 

t o t a l  p ressures  t h a t  provided adequate pressure  broadening. 

H e l i u m  was used as the  broadening gas. The pressure  used f o r  

t he  in t eg ra t ed  absorption measurements was 14.6 a t m  f o r  a l l  bands, 

even though preliminary i n v e s t i g a t i o n s  ind ica t ed  t h a t  broadening 

was complete f o r  some bands a t  p ressures  lower than 200 ps ig .  
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111. RESULTS AND DISCUSSION 

The determination of t h e  in t eg ra t ed  absorpt ion r equ i r e s  

t h a t  t h e  r o t a t i o n a l  l i n e s  be s u f f i c i e n t l y  broadened t h a t  t he  

e n t i r e  s t r eng th  of t h e  absorpt ion band can be measured, and the  

absorber path,  length be chosen t o  avoid s a t u r a t i o n  e f f e c t s .  

Measurements were made t o  in su re  t h a t  both of these  c r i t e r i a  

were s a t i s f i e d .  The s e l e c t i o n  of t he  proper absorber concen- 

t r a t i o n  can be based on observat ions of t he  s t ronges t  p a r t  of 

t h e  band. The f r a c t i o n a l  absorpt ion i s  determined as  a funct ion 

of absorber pa th  length,  and a region i d e n t i f i e d  f o r  which t h i s  

absorpt ion i s  l i n e a r  with the  absorber concentrat ion.  It can 

then be assumed t h a t  no s a t u r a t i o n  occurs i n  weaker p a r t s  of 

t he  band. 

I f  t he  measured absorpt ion i s  t o  r e f l e c t  t he  e n t i r e  

s t r e n g t h  of t he  band, a s u f f i c i e n t l y  high t o t a l  gas pressure  

nust be used t o  ensure broadening of t he  r o t a t i o n a l  l i n e s .  The 

required pressure  depends on the  r e l a t i v e  values  of l i n e  w i d t h  

and spacing, and w i l l  t he re fo re  be  somewhat d i f f e r e n t  f o r  each 

gas. It i s ,  tQ a lesser degree,  dependent on the  fore ign  gas 

used t o  provide t h e  r o t a t i o n a l  l i n e  broadening, because t h e  

c o l l i s i o n  diameter i s  d i f f e r e n t  f o r  t h e  var ious  broadeners.  The 

pressure  requ-ired t o  broaden t h e  absorber gas wi th  a p a r t i c u l a r  

fore ign  gas can be determined by observing the  absorpt ion a s  a 

func t ion  of pressure  wi th  a cons tan t  absorber p a r t i a l  pressure.  

The v a r i a t i o n  of t h e  quan t i ty  b/L dw as  a func t ion  of t o t a l  I o  
I l f  R E S E A R C H  I N S T I T U T E  

6 



gas pressure  was measured f o r  these  bands and i t  w a s  determined 

t h a t  a l l  were completely broadened a t  t he  pressure  used. 

These two sets of preliminary measurements were used t o  

Select t h e  experimental  condi t ions foy measuring the  in t eg ra t ed  

absorpt ion of t he  bands. These measurements were made a t  a 

t o t a l  p ressure  of 14.6 atm. The in t eg ra t ed  absorpt ions were 

determined from a p l o t  of a n  Io/I v s  w 

curve was measured wi th  a compensating polar  planimeter.  

Beer's Law p l o t  was then made of c l p l  v s  p h ,  where 

. The area under t h i s  

A 

a =: L i p 1  J i n  Io/Idw and p& i s  t h e  o p t i c a l  dens i ty  i n  

atmosphere-centimeters. A l e a s t  squares c a l c u l a t i o n  was made 

from t he  da ta  i n  the  Beer's Law p l o t  t o  determine the  b e s t  va lue  

of i n t eg ra t ed  absorpt ion.  

obtained from these  measurements are  summarized i n  Table I, and 

compared t~ previous measurements. 

The in t eg ra t ed  absorpt ion values  

On t h e  b a s i s  of t he  observat ions presented here,  i t  i s  

concluded t h a t :  

(1) The in t eg ra t ed  absorp t ion  of t h e  C2H4V12 band 

obtained i n  t h i s  study i s  i n  agreement wi th  t h a t  given by 

Golike (2)  -- e t  al. and Hammer ( 3 )  with in  experimental  e r r o r ,  b u t  

considerably less than t h a t  given by Thorndike. (4) 

noted (I) i n  t h e  d iscuss ion  of t h e  C2H4 v 3  band, Golike 

suggested t h a t  improvements i n  t h e  krzowledge of t h e  v i b r a t i o n a l  

spectrum of e thylene and i n f r a r e d  techniques accomplished s i n c e  

t h e  t i m e  of Thorndike's  measurements ( 1 9 4 7 ) ,  were expected t o  

y i e l d  a more r e l i a b l e  va lue  f o r  t h e  in t eg ra t ed  absorpt ion.  

A s  previously 

al, 
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T h e i r  va lue  daes d i f f e r  from both Thorndike e&a& and d ispers ion  

measurements. I f  t he  experimental techniques and instruments 

a r e  s u f f i c i e n t l y  improved t o  a f f e c t  t h e  C2H4 band, then the  

C2H6 bands might be expected t o  be s i m i l a r l y  a f f ec t ed ;  such i s  

no t  t h e  case. 

(2)  The in t eg ra t ed  absorpt ion of t he  C2H6(V I- V 8 )  

combination band is i n  exce l l en t  agreement with t h e  values  of 

T h ~ r n d i k e ( ~ )  and Nyquist e t  a l .  ( 6 )  -- 
( 3 )  An examination of t he  l i t e r a t u r e  provided no values  

f o r  comparison wi th  the  CF4 and SO2 i n t eg ra t ed  absorpt ion.  

work has been done on t h e  fundamental bands of CF4 by Schatz 

Some 

and Hornig,(7) b u t  apparent ly  none on the  combination band. 

The sources of e r r o r  i n  experimental determinations of 

i n t eg ra t ed  absorpt ion may genera l ly  be divided i n t o  t h r e e  

ca t egor i e s :  (8) (a)  sampling errors, (b) recording e r r o r s ,  and 

( c>  measurements e r r o r s .  

(a )  Sampling Errors  --- t hese  e r r o r s  can be caused by 

adsorpt ion of gas on the  c e l l  wa l l s ,  accuracy of measuring 

pressures ,  and improper mixing of t he  tes t  gas with the  

broadening gas .  The e f f e c t s  of adsorpt ion of gas on t h e  ce l l  

w a l l s  a r e  no t  known p rec i se ly  €or these  experiments. Based on 

the  d iscuss ions  of Burch -_oo e t  a1  (8) 3 i t  i s  bel ieved t h a t  t hese  

e f f e c t s  were less then those due t o  o ther  causes.  Burch e t  a l ,  

found t h a t  t h e  mixing i n  s h o r t  path length cel ls  was complete 

wi th in  a few seconds, b u t  t h a t  s e v e r a l  minutes mixing time was 

requi red  fo r  ce l l s  having valves  t h a t  w e r e  jo ined  t o  the  cells  
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by s e v e r a l  inches of tubing, and was probably due t o  slow 

d i f f u s i o n  through small-bore tubing. During t h e  course of t h e  

present  measurements, a t  least  f i v e  minutes mixing t i m e  was 

allowed before  any scans were made. Another scan was made 

seve ra l  minutes later and a comparison of t he  two scans revealed 

no s i g n i f i c a n t  d i f f e rences  i n  t h e  t r a c e s .  Gauge e r r o r s  were 

less than f i v e  percent  f o r  a l l  gases t e s t ed  except SO2. 

t h e  measurements of SO2 required low values  of p a r t i a l  p ressure  

f o r  values  of optimum o p t i c a l  dens i ty ,  t he  gauge e r r o r s  were 

probably between ten and f i f t e e n  percent .  

Since 

(b) Recording Errors  -e- t h e  primary sources of e r r o r  

i n  E:he recording s y s t e m  a r e  source d r i f t s  and no i se  f l u c t u a t i o n s  

Tn the  equipment. Both g lobars  and black body c a v i t i e s  have 

been used a s  the  LR source. The black body cav i ty  was more s t a b l e  

over long per iods and was used f o r  t h e  measurements on C2H4 and 

G2H6. 
a globar was used for t he  o ther  measurements. Since a background 

scan must f i r s t  be obtained and then followed by a tes t  scan, 

t h e  background scan must be  transposed onto t h e  t e s t  gas scan 

i n  order  t o  obta in  t h e  r a t i o  Io/I. 

which occur during t h i s  period would c o n t r i b u t e  s i g n i f i c a n t l y  t o  

t h e  recording e r r o r s .  Care w a s  taken t o  i n s u r e  t h a t  measurements 

Because of a breakdown i n  t h e  black body con t ro l  u n i t  

Any d r i f t s  of t h e  source 

were made only af te r  t h e  source has been on f o r  four  o r  more 

hours. Measurements of d r i f t  made over r e l a t i v e l y  long per iods 

of t i m e  i n d i c a t e  t h a t  s t a b i l i t y  i s  improved i f  t he  source i s  

allowed t o  remain opera t iona l  for seve ra l  hours. A d r i f t  of 
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t h e  c h a r t  recorder  zero l e v e l  c o n s t i t u t e  a poss ib le  source of 

e r r o r ,  al thaugh t h i s  f e a t u r e  w a s  checked of ten .  Since t o t a l  

absorpt ion i s  independent of s l i t  width, (8) a s u f f i c i e n t l y  

l a r g e  s l i t  was used t o  inc rease  t h e  s ignal- to-noise  r a t i o .  

(c) Measurement Er rors  --- determination of t h e  values  

of Io/I from t h e  c h a r t  recorder  traces and the  a c t u a l  area 

measurement wi th  t h e  planimeter are no t  considered major sources 

sf e r r o r  i n  t h i s  present  study. The cont r ibu t ion  of these  e r r o r  

sources t o  t h e  in t eg ra t ed  absorpt ion were evaluated a t  no g rea t e r  

than one percent .  I f  a d r i f t  were encountered during the  course 

of a scann, a s i g n i f i c a n t  e r r o r  could be introduced when 

determining the  Io/I r a t i o ,  

f requent  background scans were made and compared. 

To serve  a s  a check on t h i s  problem, 

Rased upon t h e  above d iscuss ions ,  t h e  t o t a l  e r r o r  f o r  

measurements of C2H4, C2H6, and CF4 i s  estimated a t  - + 10 percent .  

For measurements of SO2, t h e  e r r o r  i s  estimated a t  - + 15 percent .  
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